Introduction: There is relatively sparse literature on the use of administrative datasets for research
allow for improvement in care practices to maximize both quantity and quality of life and death. A systematic and reliable way to identify patients with moderate or severe ACHD from administrative data or from electronic health records (EHR) would greatly facilitate this research.
Because of availability and ease of access, administrative datasets are heavily utilized in the emerging body of research on ACHD. 3 Administrative data are collected through contact with a medical provider, for example, via hospital admissions or clinic visits. Administrative data are designed to be utilized for billing purposes. Their standard language, commonly the International Classification of Disease (ICD) system, 5, 6 enables some degree of uniformity and structure. However, subjectivity and variation in coding practices are commonly recognized problems with this type of data. [7] [8] [9] [10] Any provider is able and often required to enter billing codes without rigorous training in coding. On the other hand, expert coders often lack the clinical knowledge necessary to distinguish between codes with marginal but important differences in meaning. The result is a body of data that is imperfect, and while useful for its original purpose, can lead to significant errors when used for research.
The accuracy of administrative data for use in ACHD research was addressed by Broberg et al., who tested a hierarchical algorithm to aid in identification of patients with ACHD of any severity in a single institution's EHR. They reported a sensitivity of 99% and specificity of 88% of that algorithm for identifying patients by ICD code. 3 The goal of this study is to examine the accuracy of administrative data specifically for identifying patients with ACHD of moderate or great complexity who have died, in order to understand care at the end of life for these patients. Particular effort was made to identify patients with Eisenmenger syndrome (ES), as this is considered one of the most advanced forms of ACHD and carries high morbidity and mortality. We evaluated the sensitivity and positive predictive value of ICD-9 and ICD-10 codes assigned in the inpatient and outpatient settings compared with medical record review.
| M ETH OD S
We created a list of targeted ACHD diagnoses representing ACHD of moderate or severe complexity. Simple lesions were excluded because they are less likely to lead to death related to cardiac disease. Choice and classification of these diagnoses regarding complexity was guided by the ACC/AHA guidelines. 2 We followed these guidelines in referring to the diagnosis classification as "moderate complexity" and "great complexity." We then matched these diagnoses to representative ICD-9 and ICD-10 codes (Table 1) .
ACHD diagnoses were classified hierarchically by the most severe lesion, following the method of Broberg et al. 3 We aimed to identify ES, which does not have a specific ICD code, by searching for patients with cyanosis plus another congenital heart disease code. We defined "complex VSD" (ventricular septal defect) using a combination of the code for VSD plus another congenital heart disease code. "Complex VSD" and "isolated VSD" were explored as additional proxies for ES.
We performed an electronic search for the list of codes described between January 2010 and June 2016 (Table 2) were identified using administrative and death record data. Overall, the mean age was 53 6
19 years, and 59% were male. Medical records adequate to evaluate the cardiac diagnoses were available for all 134 patients. ES was clinically documented in 12 patients, 17% of the 72 patients with targeted ACHD. Based on prior literature, we used "cyanosis 1 other" as a way to identify ES. However, we found that "cyano- (Table 3) . A single patient may have been assigned more than one code. Codes that had the highest degree of error, incorrect more than 50% of the time, were congenitally corrected transposition (745.12), endocardial cushion defect (745.60; this is a separate code from atrioventricular canal defects), and hypoplastic left heart syndrome (746.70).
| Positive predictive value of ICD-based criteria

| Sensitivity of ICD-based diagnostic criteria
There were 23 patients with confirmed ACHD who were previously seen at the UWMC ACHD clinic and who were known to have died in Washington State between January 2011 and June 2016. Of these, 2 patients had an ACHD lesion that was not targeted by the ICD codes.
Only 1 of the remaining 21 patients was not identified by the search of ICD-9 or ICD-10 codes and death record data, giving a sensitivity of 0.95 (95% CI 0.76, 0.99). We suspect this patient died outside of Washington state, and so death information was not captured in Washington state death records.
| Inter-rater reliability
Concordance was evaluated following manual review of a 20% sample of medical records by a separate investigator. Agreement for whether subjects had "moderate or greater ACHD" was 100% (kappa of 1.0). Agreement for exact diagnosis was 88% (kappa of 0.76), indicating substantial agreement. Both reviewers found the EHR information adequate to evaluate the presence or absence of ACHD.
| DI SCUSSION
This study evaluated the utility of administrative data for identifying patients with ACHD of moderate or great complexity who have died.
When compared with manual EHR review, ICD-based criteria had a sensitivity of 0.95, but a PPV of only 0.54, with substantial misclassification error. The relatively low PPV of 0.54 suggests that use of administrative data in isolation is suboptimal for this population, even when care is taken to search for an inclusive list of terms.
The finding of significant human error in coding that led to misclassification of patients is not surprising given the lack of formal training regarding coding practices. 3, 8 Some ICD codes lack granularity, and it is often difficult to correctly assign existing codes to complex disease. It is not surprising that at least two of the codes that performed particu- In a previous study of coding for ACHD, Broberg et al. provided a hierarchical algorithm to aid in identification of patients with ACHD of any severity in an HER. 3 In our study, we targeted ACHD of higher severity to focus on patients at a higher risk of death due to cardiac disease, and limited our dataset to patients who died.
The absence of a specific code for ES makes identification of these patients with arguably the most severe type of ACHD difficult via administrative database search. Medical documentation for these patients can be inconsistent because many underlying lesions can lead to ES, and the clinical presentation is heterogeneous. Though cyanosis is a nonspecific hallmark of ES, it is inconsistently coded. Previous studies have suggested the use of "cyanosis plus other congenital code" as a proxy for ES. 3 However, in our study, that approach would have only Each code is evaluated separately; patients may have been assigned more than one code.
our study was small and based in a single health care system, and so this question requires further study. This is the first study to explore the use of ICD administrative codes to identify patients with ACHD of moderate or great complexity who have died. This study has several limitations. First, generalizability may be limited since this study was performed in a single healthcare system, and, as ICD codes were found to "underperform," this study may reflect lack of training specific to coders in this healthcare system.
Second, given the short period of time studied for which ICD-10 codes were utilized, only a small number of ICD-10 codes was included in this search and we are unable to compare the accuracy of ICD-9 with ICD-10 codes. Key revisions to the ICD-10 codes that could improve accuracy include a code for "VSD as a result of myocardial infarction"
and clarification of transposition of the great arteries as "discordant ventriculoarterial connection" versus "discordant atrioventricular connection." Third, we focused on patients who have died, which may create concerns about a decedent bias for some study questions. In summary, we found that administrative data alone are inadequate for identification of patients with ACHD of moderate or great complexity who have died. To avoid errors, manual EHR review should be undertaken to confirm the ACHD diagnosis. The specific codes chosen to identify patients for research are likely to be very contextspecific, and care must be taken to validate any approach using administrative data to identify patients with specific diagnoses. Although inclusion of less specific codes may increase the sensitivity of such codes, this can lead to misclassification and thus lower the positive predictive value. We found that our proposed approach had good sensitivity, but required manual review to ensure accurate classification. 
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